Objective: We retrospectively analyzed patients with tuberculum sellae meningiomas (TSM) who underwent surgery via an anterior interhemispheric approach with special attention to visual outcomes.
INTRODUCTION
The tuberculum sellae meningioma (TSM) arises from the tuberculum sellae, chiasmatic sulcus, and limbus sphenoidale. They represent approximately 3 to 10% of all intracranial meningiomas [1] [2] [3] [4] [5] . Patients harboring TSMs typically present with a history of uni-or bilateral progressive visual loss. The extent of visual deficit is the single most important reason for surgical treatment, and visual outcome is the major concern after surgery. Preservation or improvement of visual function is the most important goal of treatment; however worsened vision has been reported in 10 to 27% 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] . Although many papers have proposed possible prognostic factors for visual outcomes, definitive prognostic factors remain unknown 10, 12, [15] [16] [17] .
Most authors agree that meticulous surgical technique is the most essential element in determining visual outcome after resection of TSM, with particular care being taken to preserve the arachnoid plane and the vascular supply around the optic nerves and chiasm. Several surgical approaches including the pterional, unilateral subfrontal, and bifrontal approaches were applied for this lesion according to a variety of tumor sizes and attachments in this area 2, 7, 8, 12, 18, 19 . Recently, the endonasal transsphenoidal route was developed for small midline TSMs [20] [21] [22] [23] . In the TSMs, the path for tumor growth tends to be over the planum sphenoidale anteriorly, around the optic nerves laterally, above the chiasm, displacing it superiorly, and down over the sella inferiorly. Based on the anatomical point of view, a safe and direct surgical access can be provided anteriorly.
The anterior interhemispheric approach was originally developed for anterior communicating artery aneurysms 24, 25 . With several technical modifications, this approach yields minimal morbidity and maximizes visualization around the tuberculum sellae. We retrospectively analyzed nine patients with TSMs who underwent surgery via the anterior interhemispheric approach with special attention to visual outcomes. applied this score to the evaluation of surgical outcomes of tuberculum sellae and planum sphenoidale meningiomas. A VIS is provided by adding the scores in specific tables given for visual acuity and visual field defects. The score ranges from 0 (best) to 100 (worst). Visual status was sequentially evaluated in the preoperative period and within two weeks of surgery. Any change in the VIS was considered to be an improvement or deterioration of visual function.
All patients had normal endocrine function and were otherwise neurologically intact.
Surgical technique
All tumors were removed via the anterior interhemispheric approach. The patient was positioned supine and the back was elevated about 20 degrees to reduce venous pressure. The head was placed in the horizontal position. A coronal skin incision behind the hairline was utilized. The scalp was elevated, preserving vascularized pericranium medial to the linea temporalis of each side. Four burr holes were made and a bifrontal craniotomy was performed. The initial two holes were made at the orbitotemporal region and the other two holes were at the midline. The medial inferior osteotomy was made close to the nasofrontal suture; therefore the frontal sinus must be opened. Next the frontal sinus mucosa was removed as completely as possible and was packed by tiny pieces of abdominal fat grafts soaked with the fibrin glue. A living flap of pericranium was swung over the frontal sinus and stitched to the frontal base dura at the end of the procedure. Then the dura was opened in a W-shaped fashion and reversed anteriorly.
The superior sagittal sinus was ligated and divided at its most anterior part. The surgeon must preserve bridging veins from both frontal lobes during this maneuver.
Next the interhemispheric fissure just above the knee portion of the anterior cerebral arteries (ACA) was dissected until both callosomarginal arteries meet, with a vertex-down position of the head to allow easy opening of the fissure. Dissection was continued towards the A2 portion of the ACAs and the posterior part of the pericallosal cistern was opened. Then, after elevating the head, the interhemispheric fissure was dissected anteriorly and inferiorly toward the planum sphenoidale. Prior to this procedure, dissection of the both olfactory nerves from the frontal lobe was performed to avoid traction injuries. In most patients, a part of the tumor was exposed during this surgical step and special attention was required to preserve the arachnoid plane between the tumor and both rectal gyri. Then the head position was returned to horizontal, the suprachiasmatic cistern was widely dissected and the TSM was now exposed. (Fig.1A) The tumor resection was conducted according to the following steps. The tumor was first detached from its origin with bipolar cautery and debulked with the ultrasonic aspirator. This procedure was started at the planum sphenoidale in the midline, taking down the tuberculum sellae and working straight back and repeating just off the midline. During this step, main tumor feeders from the posterior ethmoidal artery and the superior hypophyseal artery were interrupted in most patients and devascularization of the tumor was also accomplished. Then both optic nerves were identified at the optic canals and the tumor was debulked to allow dissection of the arachnoid plane separating the nerve and tumor. The side of the optic nerve with better visual function was first dissected because of a better arachnoid plane. (Fig. 1B ) By tracing this arachnoid plane, the chiasm and the anterior communicating artery were gently dissected from the tumor.
After sufficient debulking of the tumor, the compromised optic nerve was dissected while preserving the arachnoid plane and the vascular supplies. Then the tumor was dissected from the pituitary stalk and from the interpeduncular cistern. Damage to the small superior hypophyseal branches to the optic apparatus and small perforators from the posterior communicating artery was avoided. (Fig.1C ) Finally, the proximal medial aspect of the optic canal was observed by the endoscope (EndoArm, Olympus, Tokyo, Terasaka S 7 Japan) where the tumor would occasionally extend and the tumor was resected with pituitary curettes. (Fig. 1D ) Unroofing of the optic canal and drilling of the tuberculum sellae were not performed in any patients.
Terasaka S

8
RESULTS
A summary of clinical data is shown in Table 1 There was no instance of perioperative mortality. Non-visual morbidity occurred in three patients. One patient had a second operation for rhinoliquorrhea; the site of the CSF leakage was the frontal sinus. One patient experienced asymptomatic venous infarction in the right frontal lobe because of a cortical vein injury during the procedure of dural opening. One patient showed permanent anosmia despite having anatomical preservation of olfactory nerves. There were no ischemic and endocrinological complications in our series.
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DISCUSSION
Although preservation of vision is the most important goal in the treatment of TSM, the prognostic factors for visual outcome remain controversial 1, 7, 11-14, 17, 26, 27 .
Whether surgical manipulation is the most important factor in determining the fate of vision or not, most authors agree that preserving vision is achieved by minimizing direct trauma to the optic nerve and avoiding injury to the vascular supply of the optic apparatus. The key to success for surgical excision of the TSM is maintaining the arachnoid plane. Therefore the best surgical approach requires the following factors:
improving visualization of the tumor and the surrounding vital structures safely and enabling a bloodless surgical field.
The TSM has been removed by several surgical routes including the pterional, the unilateral subfrontal, the bifrontal, the basal interhemispheric and the transsphenoidal Early optic canal unroofing, which several authors have emphasized to improve visual outcome, is hard to perform in this approach 14, 15, 18, 26, 30 . Anatomically the orifice of the optic canal is not parallel to the coronal plane, and the proximal medial aspect exists more anteriorly than the lateral aspect of the optic canal. Therefore true tumor extension to the optic canal is rarely encountered. This finding is well confirmed by intraoperative observations under the endoscope. In tumors with significant extension into the canal, the falciform ligament is incised and unroofing of the proximal optic canal is required to remove the tumor with attention taken not to penetrate the sphenoid sinus mucosa. 
